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(54) Hot melt adhesives comprising low free monomer, low oligomer content isocyanate 
prepolymers 

(57) A method for adhesively joining or sealing two 
substrates which comprises: 

(1) applying at about 50° to 150°C onto a substrate 
a solvent-free, moisture curable urethane hot melt 
adhesive composition comprising the polyisocy- 
anate prepolymer reaction product of (a) a polyol 
and (b) a polyisocyanate; 

(2) contacting the adhesive disposed on the sub- 
strate to a second substrate such that a green bond 
is formed, and 

(3) exposing the adhesive bond to ambient mois- 
ture causing a crosslinking reaction within the 
adhesive, thereby forming a moisture-cured bond. 

The improvement is characterized in that the 
polyisocyanate prepolymer is prepared by reacting a 
polyisocyanate with a functionality of at least 2 with a 
polyol with a functionality of at least 2, the reaction prod- 
uct comprising at least 90 wt% "perfect" prepolymer and 
less than 2 wt% unreacted isocyanate monomer and 
the prepolymer having a free NCO functionality ranging 
from 0.2 to 8 wt%. 
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Description 

TECHNICAL FIELD OF THE INVENTION 

The present invention relates to extrudable mois- 
ture cure hot melt urethane adhesives comprising a ure- 
thane prepolymer. 

BACKGROUND OF THE INVENTION 

Hot melt adhesives and moisture cure urethane 
adhesives are well known generic adhesive classes. 
Hot melt adhesives generally comprise thermoplastic 
materials which can be conveniently applied by extrud- 
ing the adhesive composition at elevated temperatures 
onto a workpiece to which it is desired to fix another 
workpiece. The adhesive bond increases in integrity as 
the composition cools. Hot melt adhesives generally 
have good green strength, i.e., initial strength before 
complete setting of the bond, and they have the addi- 
tional benefits of being easy to handle and free of sol- 
vents which must be evacuated during the setting or 
curing process of the adhesive. However, hot melt 
adhesives have the drawback that after cooling to form 
a bond line, the thermoplastic compositions can be tem- 
perature sensitive. In other words, the bonding mass 
can lose bond strength as the temperature of the work- 
piece and the bond line increase. Further, hot melt 
adhesives tend to be physically unstable in the pres- 
ence of hydrocarbon solvents and some organic com- 
positions. 

In contrast, many curable urethane adhesives have 
little green strength. Thus, after the application of a cur- 
able urethane adhesive, the structure to be bonded 
must be externally supported until the urethane can 
cure to a strong, resilient, highly crosslinked bond line. 
Additionally, solvents may be used in these adhesives 
which may need to be evaporated during cure. However, 
once cured, these urethane tensile strength and have 
little or no temperature sensitivity. They also offer good 
resistance to many solvents after cure. 

Clearly, a single adhesive composition displaying 
both curing and hot melt properties is a desirable goal, 
since the resulting adhesive, in theory, could possess 
quick, high strength green bonding and strong, 
crosslinked cured adhesive bonding. 

U.S. 4,623,709 discloses polyurethane prepoly- 
mers in which polyhydric alcohols are initially reacted 
with the faster reacting isocyanate group of an asym- 
metrical diisocyanate with the slowly reacting group 
remaining intact, after which the reaction products are 
combined with a symmetrical diisocyanate of which the 
equally reactive isocyanate groups again react more 
quickly than the slowly reacting groups of the first poly- 
functional isocyanate compound. The products 
obtained by this process are allegedly distinguished by 
a low residual monomer content. 

U.S. 5,441 ,808 discloses hot melt adhesive compo- 



sitions combining the characteristics of thermoplastic 
hot melt adhesives and reactive adhesives and are pre- 
pared by blending a polyester polyether thermoplastic 
elastomer with a polyisocyanate prepolymer. 
5 U.S. 3,931,077 discloses reactive, high viscosity 

hot melt adhesive compositions comprising a specific 
high viscosity reactive urethane prepolymer, a specific 
ethylene-vinyl acetate thermoplastic polymer and a 
phenolic or abietic acid-type tackifying resin. 
io U.S. 4,585,81 9 discloses the combination of an iso- 
cyanate prepolymer, a thermoplastic polyurethane or 
polyester and a synthetic resin which may be a ketone 
resin, a hydrogenation product of acetophenone con- 
densation resins, and mixtures thereof. 
15 U.S. 4,775,719 discloses a thermally stable, hot 
melt moisture cure polyurethane adhesive composition 
comprising an ethylene-vinyl monomer having an ethyl- 
ene content of 55 wt% or less, a polyisocyanate prepol- 
ymer, and an aromatic tackifying resin. 
20 U.S. 4,808,255 discloses a thermally stable, mois- 
ture cure urethane hot melt adhesive comprising a ther- 
moplastic polymer, a compatible, curing urethane 
polyalkylene polyol prepolymer, and a tackifying agent. 
U.S. 4,820,368 discloses a thermally stable, mois- 
ts ture cure urethane hot melt adhesive comprising a ther- 
moplastic polymer, a compatible, curing urethane 
polyester polyol prepolymer, and a tackifying agent. 

SUMMARY OF THE INVENTION 

30 

The present invention provides an improved mois- 
ture curable urethane hot melt adhesive composition 
having low melt viscosities and good green strength. 
Also provided is a method for adhesively joining or seal- 
35 ing two substrates using such adhesive composition. 
The method generally comprises 

(1) applying onto a substrate a solvent-free, mois- 
ture curable urethane hot melt adhesive composi- 

40 tion comprising the polyisocyanate prepolymer 
reaction product of (a) a compound containing at 
least two active hydrogen atoms according to the 
Zerewittenoff test, preferably a polyol, and (b) a 
polyisocyanate, the adhesive composition being 

45 applied at an elevated temperature sufficient to melt 
extrude the adhesive composition; 

(2) contacting the melt extruded adhesive composi- 
tion disposed on the substrate to a second sub- 
strate such that a green bond is formed; and 

so (3) exposing the adhesive bond to moisture causing 
a Crosslin king reaction within the adhesive, thereby 
forming a moisture-cured bond. 

According to the present invention, the prepolymer 
55 used in the moisture curable hot melt adhesive compo- 
sition is prepared by reacting a polyisocyanate having 
an NCO functionality of at least 2 with a compound con- 
taining X active hydrogen atoms according to the Zere- 



2 



3 



EP 0 827 995 A2 



4 



wittenoff test (where X is at least two), preferably a 
polyol having an OH functionality of at least 2, the pre- 
polymer containing free NCO ranging from 0.2 to 8 wt% 
and less than 2 wt% unreacted isocyanate monomer. At 
least 90 wt%, preferably 95 wt%, of the prepolymer 
reaction product obtained by the reaction of the polyiso- 
cyanate with the active hydrogen-containing compound 
should comprise a prepolymer of X moles polyisocy- 
anate per mole of such active hydrogen-containing 
compound, i.e., a "perfect" prepolymer. In the preferred 
embodiment, at least 90 wt%, preferably 95 wt%, of the 
prepolymer reaction product obtained by the reaction of 
toluenediisocyanate (TDI) with a long chain polyol hav- 
ing three OH groups comprises a "perfect" prepolymer 
of 3 moles TDI per mole long chain polyol. 

Advantageously, the adhesive composition com- 
prising such prepolymer is a low viscosity liquid at the 
application temperature and forms a solid upon cooling 
which serves to adhere the two substrates brought into 
contact with it. Subsequently, the prepolymer reacts 
with ambient moisture to form a crosslinked poly- 
urethane-urea with improved strength and durability. 

Compared to the conventional urethane prepoly- 
mers of the prior art, the present prepolymers exhibit 
lower viscosity at application temperature which results 
in better wetting and adhesion to substrates. In addition, 
the lower viscosity also allows the applicator to use 
lower processing temperatures which expands the 
number and type of substrates that can be adhered. 
The significantly lower monomer content results in 
reduced potential for worker exposure. A more regular 
resin structure in the prepolymer will result in more rapid 
crystallization and "green strength" development. 

Moreover, the lower ofigomer/monomer content 
upon crosslinking results in a more uniform network 
structure with improved properties relative to conven- 
tional materials. 

DETAILED DESCRIPTION OF THE INVENTION 

The moisture curable urethane hot melt adhesive 
composition used in the present inventive method com- 
prises an NCO-terminated urethane prepolymer (also 
called a polyisocyanate prepolymer) prepared by react- 
ing a polyisocyanate having an NCO functionality of at 
least 2 with a compound containing at least two active 
hydrogen atoms according to the Zerewittenoff test, 
preferably performing the reaction in an NCO to active 
hydrogen equivalent ratio of £4:1 preferably, 6-8:1. The 
unreacted polyisocyanate monomer in the prepolymer 
reaction product is removed by distillation or other treat- 
ment to a concentration of less than 2%, preferably, less 
than 0.1%. The prepolymer reaction product should 
contain free isocyanate, i.e., free NCO functionality, 
ranging from 0.2 to 8 wt%, preferably, 0.5 to 3 wt%. 

Such prepolymers useful in the hot melt adhesive 
composition may be prepared according to the teach- 
ings of U.S. 4,786,703, which disclosure is incorporated 



by reference. One device useful for stripping unreacted 
isocyanate monomer is a wiped film evaporator. 

Exemplary of compounds containing at least two 
active hydrogen atoms according to the Zerewittenoff 

5 test are those compounds containing >2 OH, NH and/or 
SH functionalities, especially a polyol. Thus, in the pre- 
ferred embodiment, a polyoi having an OH functionality 
of at least 3 is reacted with a diisocyanate in an NCO to 
OH equivalent ratio of £4:1 preferably, 6-8:1. 

w The prepolymer reaction products are prepared 
using suitable organic polyisocyanates well known in 
the art including, for example, hexamethylene diisocy- 
anate, phenylene diisocyanate, toluene diisocyanate 
(TDI) and 4,4'-diphenylmethane diisocyanate (MDI). 

is Especially suitable are the 2,4- and 2,6-TDIs individu- 
ally or together as their commercially available mixtures 
with the percentages being from about 65-100% of the 
2,4- and 0-35% of the 2,6-isomer by weight. Other suit- 
able isocyanate mixtures of diisocyanates known com- 

20 mercially as "crude MDI", also known as PAP I, which 
contain about 60% MDI along with other isomeric and 
analogous higher polyisocyanates. 

Potyether and polyester polyols are normally used 
in the preparation of polyurethane prepolymers. The 

25 hydroxyl-terminated polyethers are typically poly- 
alkylene ether glycols, such as polyethylene ether) gly- 
col, polypropylene ether) glycol and polytetra- 
methylene ether glycol. Other polyethers are prepared 
by the copolymerization of cyclic ethers, such as ethyl- 

30 ene oxide, propylene oxide and trimethylene oxide with 
various aliphatic diols such as ethylene glycol, butane 
diols, e.g., 1,3- and 1,4-butane diols, and the like. Poly- 
ester polyols can also be used for producing the poly- 
urethane prepolymers, and these would include 

35 hydroxyl terminated polyesters such as ethylene adi- 
pate, polypropylene adipate, polyhexamethylene adi- 
pate and copolyesters prepared by copolymerizing 
ethylene glycol and propylene glycol with the above pol- 
yesters, which include poly(1,4-butylene-ethylene) adi- 

40 pate and poly(1 ,4-butylene-propylene) adipate. 

The above polyether and polyester polyols are con- 
ventional for producing polyurethane prepolymers and 
can be blended such that the polyol composition (single 
or blend) used in making the prepolymer typically has 

45 an average Mn ranging from about 1000 to 60,000, and 
typically from 4200 to about 25,000, 

The preferred prepolymers suited for use in the hot 
melt adhesive composition are prepared by reacting tol- 
uenediisocyanate (TDI) with a long chain triol in such a 

so way to minimize by-product formation and, thereby, pro- 
duce a prepolymer which is essentially "perfect" in 
terms of a stoichiometric TDI to polyol ratio, i.e., 3:1. 

In the preferred prepolymer synthesis, it is impor- 
tant to maintain a high equivalent ratio of TDI to the 

55 polyol, e.g., a range from 4 to 20:1 . As the level of TDI 
to polyol approaches 4:1 and then stoichiometric, 
greater quantities of higher molecular weight oligomers 
are formed which detract from the performance charac- 
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teristics of the moisture-curable urethane prepotymer 
adhesive composition. Preferably, the equivalent ratio of 
TDI to poiyol in the reaction is from 6 to 8:1 equivalents 
of TDI to poiyol to produce oligomers at less than 10 
wt%, preferably less than 2 wt%. 

The prepoiymers should have a reacted isocyanate 
content substantially that of the stoichiometric equiva- 
lent ratio of TDI to poiyol, i.e., 2:1. This objective is 
achieved by maintaining a high isocyanate to poiyol 
equivalent ratio at moderate temperatures. Maintaining 
a high equivalent ratio of feed TDI to poiyol is extremely 
important because when the equivalent ratio of TDI to 
poiyol is lowered to slightly above stoichiometric, e.g., 
10% excess, which is conventional, oligomers are 
formed. Higher oligomer formation results in lower per- 
formance properties and higher prepolymer viscosity. A 
lower level of reacted isocyanate in the prepotymer 
diminishes the performance properties in the hot melt 
adhesive because it reduces the quantity of moisture 
that can be reacted with the prepolymer to produce the 
cured adhesive. 

Ideally, in the preparation of a prepolymer for use in 
this invention, the actual isocyanate content should be 
at least 90%, and preferably, at least 95% of the stoichi- 
ometric level of isocyanate for a "perfect" prepolymer, 
e.g., a 2:1 equivalent ratio of TDI to poiyol. Levels of 
reacted TDI below about 95%, and particularly below 
about 90% of stoichiometric, are direct evidence of TDI 
by-product formation and/or oligomer formation. 

During the removal of unreacted TDI from the pre- 
polymer reaction product, the temperature should be 
maintained as low as possible to avoid reaction of the 
free TDI with the prepolymer. Substantial oligomer for- 
mation and other side reactions can occur during this 
removal phase. For this reason if distillation techniques 
are used to remove free TDI, the wiped film distillation 
technique, optionally using a countercurrent inert gas 
sweep, should be considered to avoid oligomerization 
during prepolymer purification. 

For process efficiency, it is preferred that the iso- 
mers of TDI reacted are within the same weight ratio as 
are present within the commercial supply. This reacted 
isomer level is achieved by utilizing a higher concentra- 
tion of 2,6-TDI in the feed than is normally present, 
since the 2,6-isomer has a lower reactivity than the 2,4- 
TDI isomer, and recycling excess back to the reactor as 
feed. Since the degree of reacted 2,4- and 2,6-TDI is a 
function of the concentration of each isomer in the feed, 
the feed to the reactor should have a 2,6-TDI content 
from 50 to 60% to produce the reacted level of 20-30 
wt% of the reacted TDI. 

In addition to the polyisocyanate prepolymer, the 
urethane hot melt adhesive composition can optionally 
contain other thermoplastic components which will not 
detrimentally affect the adhesive character of the com- 
position. Representative examples of such thermoplas- 
tic components include the thermoplastic polymers 
described in U.S. 5,441,808 and other compatible vinyl 



polymers such as vinyl acetate-ethylene copolymers, 
ethylene-vinyl acetate and vinyl alcohol copolymers; 
ethylene acrylic compounds including ethylene acrylate 
copolymers, ethylene methacrylate, ethylene butylacr- 

s ylate, and ethylene hydroxyethylacrylate; polyamides; 
polyolef ins; and polyesters. Preferably, the thermoplas- 
tic components comprise a vinyl polymer, a vinyl ace- 
tate-ethylene copolymer, or mixtures thereof. 

To improve the tack, and to impart pressure-sensi- 

to tive qualities to the adhesive, a tackifier may be incorpo- 
rated into the adhesive composition. This tackifier may 
be a rosin ester, an aromatic resin, or mixtures thereof. 
Representative examples of rosin esters which are use- 
ful in the present invention include glycerol rosin ester, 

15 pentaerythritol rosin ester and hydrogenated versions of 
the above. Representative examples of aromatic resins 
include a-methyl styrene resin, polystyrene, cournor- 
one, indene, and vinyl toluene. Preferably, thetackrfier is 
an aromatic resin, and more preferably, it is a styrene 

20 resin. Most preferably, the tackifier is a-methyl styrene 
resin. 

Fillers may be incorporated into the adhesive corn- 
position in the form of particulate matter, fibers or pow- 
ders. These fillers may be any filler materials which will 

25 not interfere with the other components in the adhesive 
composition. Types of fillers include calcium carbonate, 
ceramics, glass, silica, quartz, mica, treated clay, tita- 
nium dioxide, boron nitrides, graphite, carbon black, 
asbestos, metals, barium sulfate, talc or mixtures 

30 thereof. Preferred fillers include calcium carbonate, sil- 
ica, clay, carbon black or mixtures thereof. 

Plasticizers may also be incorporated in the adhe- 
sive composition of the present invention. The plasti- 
cizer may be any composition which does not interfere 

35 with the efficacy of the other components and which 
facilitates processing and increases toughness and flex- 
ibility of the adhesive composition. Representative plas- 
ticizers include liquid aromatic ester plasticizers, 
including dioctyl phthalate esters; solid plasticizers, 

40 including dicyclohexyl phthalate, cyclohexane dimenth- 
anol dibenzoate; and the plasticizers available under 
the SANTICI2ER trademark from Monsanto. 

In addition to the above indicated optional compo- 
nents, various other compounds may be added to the 

45 adhesive composition. These compounds include cata- 
lysts, dyes, inhibitors, antioxidants, UV absorbers, 
waxes, adhesion promoters (e.g., silane), and other 
conventional additives. 

The isocyanate prepolymer is present at about 5 to 

so 100 wt% of the adhesive composition. Preferably, it is 
present at about 25 to 100 wt%, and most preferably, at 
about 50 to 100 wt%. 

The thermoplastic polymer portion of adhesive 
composition is present from 0 to about 80 wt% of the 

55 adhesive composition, preferably 0 to 50 wt%. 

The tackifier is used at about 0 to 60 wt%, prefera- 
bly from about 0 to 40 wt%. 

Silane may be incorporated in the composition for 
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certain applications and be present at about 0 to about 
2 wt%, preferably about 0 to about 1 wt%. Additionally, 
a filler may be present at about 0 to about 50 wt%, plas- 
ticizer at about 0 to 1 0 wt%, wax at about 0 to 40 wt% 
and a catalyst at about 0 to 1 wt%. 

There are numerous methods for the preparation of 
the adhesive compositions of the present invention. 
Many of these will be obvious to those skilled in the art. 
One such variation is that the prepolymer may be pre- 
pared separately or simultaneously with the preparation 
of the adhesive composition. 

For use as an adhesive or sealant, the solid compo- 
sition can be placed in a drum or pail, and platen-type 
dispensing equipment can be used to deliver the adhe- 
sive. The adhesive composition is extruded at a temper- 
ature that is at least sufficient to melt extrude the 
adhesive composition onto a substrate, e.g., about 50° 
to about 150°C. Prior to moisture cure of the adhesive, 
a second substrate is contacted with the adhesive. The 
adhesive exhibits sufficient green strength such that 
external mechanical support is not needed while the 
adhesive moisture cures. Substrates suitable for use 
with the adhesive of the present invention include glass, 
metal, polycarbonate, acrylic, ABS, PVC, vinyl, wood 
and the like. 

The reactive hot melt urethane adhesive composi- 
tion is cured in the bond line by relying on the presence 
of ambient moisture, such as the moisture in the atmos- 
phere or in the substrate, particularly moisture in wood. 
Another means of curing the bond line involves the addi- 
tion of active compounds to the adhesive at the bond 
line which have an available active hydrogen atom for 
reacting with the NCO groups of the prepolymer. A vari- 
ety of reactive compounds having free active hydrogens 
are known in the art, including hydrogen sulfite, polyols, 
amines, ammonia, and other active compounds. 

EXAMPLE 1 

A polyisocyanate prepolymer is prepared by react- 
ing one equivalent of a 3.0 functional trimethylolpropane 
modified ethylene adipate (OH# = 14) with 8 equivalents 
of 2,4/2,6-TDI (50/50 wt% ratio) at 50°C until all hydroxyl 
functionality is consumed. Secondary processing steps 
such as wiped film evaporation are used to remove the 
unreacted TDI monomer to a level of <0.1 wt% and pro- 
duce a prepolymer resin with total free isocyanate con- 
tent of approximately 1%. 

When heated to 80°C, the resulting material would 
exhibit good melt flow, absence of gels and good wet- 
ting on a variety of surfaces. Bonded assemblies pre- 
pared using this urethane prepolymer would exhibit 
good green strength and high final properties as deter- 
mined by standard adhesive tests. 

The corresponding conventional materials pre- 
pared at £3 equivalents isocyanate groups per equiva- 
lent hydroxyl groups would be either too viscous or 
nonhomogeneous (due to gel formation) and could not 



be processed as hot melt adhesives. These materials 
also would contain monomeric di isocyanate levels in 
excess of 2 wt%. 



The present invention provides method for bonding 
two substrates using a moisture-curable urethane hot 
melt adhesive composition. 

w 

Claims 

1. A method for adhesively joining or sealing two 
substrates which comprises: 

15 

(1) applying onto a substrate a solvent-free, 
moisture curable urethane hot melt adhesive 
composition comprising the polyisocyanate 
prepolymer reaction product of (a) a compound 

20 containing X active hydrogen atoms according 

to the Zerewittenoff test (where X is at least 2), 
and (b) a polyisocyanate having an NCO func- 
tionality of at least two, the adhesive composi- 
tion being applied at an elevated temperature 
25 sufficient to melt extrude the adhesive compo- 

sition; 

(2) contacting the melt extruded adhesive dis- 
posed on the substrate to a second substrate 
such that a green bond is formed, and 

30 (3) exposing the adhesive bond to moisture 

causing a crosslinking reaction within the adhe- 
sive, thereby forming a moisture -cured bond, 

characterized in that the polyisocyanate prepoly- 
35 mer reaction product comprises at least 90 wt% of 
a prepolymer comprising X moles polyisocyanate 
per mole of active hydrogen -containing compound, 
the prepolymer reaction product containing less 
than 2 wt% unreacted polyisocyanate monomer 
40 and the prepolymer containing free NCO ranging 
from 0.2 to 8 wt%. 

2. "Pne method of Claim 1 in which the polyisocy- 
anate prepolymer is a reaction product of (a) a 

45 polyol containing X OH groups (where X is 2 or 3), 
and (b) a diisocyanate and the adhesive composi- 
tion is applied at 50° to 150°C. 

3. The method of Claims 1 and 2 in which the pre- 
50 polymer reaction product contains less than 0.1 

wt% unreacted polyisocyanate monomer. 



4. The method of Claim 3 in which the prepolymer 
contains free NCO ranging from 0.5 to 3 wt%. 

5. The method of Claim 4 in which the polyisocy- 
anate prepolymer is a reaction product of (a) a triol 
and (b) toluene diisocyanate comprising at least 95 
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wt% of a prepolymer comprising 3 moles toluene 
diisocyanate per mole of triol. 

5. The method of Claims 1 -5 in which the polyisocy- 
anate and active hydrogen-containing compound s 
are reacted in an NCO to active hydrogen equiva- 
lent ratio of £4. 

7. The method of Claims 1-6 in which the hot melt 
adhesive composition applied to the first substrate w 
comprises 5-100 wt% polyisocyanate prepolymer, 
0-80 wt% thermoplastic polymer, 0-60 wt% tacki- 
fier, 0-2 wt% silane, 0-50 wt% filler, 0-10 wt% plasi- 
ticizer and 0-40 wt% wax. 

15 

8. The method of Claim 7 in which the hot melt 
adhesive composition applied to the first substrate 
comprises 25-100 wt% polyisocyanate prepolymer, 
0-50 wt% thermoplastic polymer, 0-40 wt% tacki- 
fier, 0-1 wt% silane, 0-50 wt% filler, 0-10 wt% plasi- 20 
ticizer and 0-40 wt% wax. 
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(1) applying at about 50° to 150°C onto a substrate 
a solvent-free, moisture curable ur ethane hot melt 
adhesive composition comprising the polyisocy- 
anate prepolymer reaction product of (a) a polyol 
and (b) a polyisocyanate; 

(2) contacting the adhesive disposed on the sub- 
strate to a second substrate such that a green bond 
is formed, and 

(3) exposing the adhesive bond to ambient mois- 
ture causing a crosslinking reaction within the 
adhesive, thereby forming a moisture-cured bond. 



The improvement is characterized in that the 
polyisocyanate prepolymer is prepared by reacting a 
polyisocyanate with a functionality of at least 2 with a 
polyol with a functionality of at least 2, the reaction prod- 
uct comprising at least 90 wt% "perfect" prepolymer and 
CO less than 2 wt% unreacted isocyanate monomer and 
< the prepolymer having a free NCO functionality ranging 
LO from 0.2 to 8 wt%. 
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